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(54) Abstract Title 
Casing Pacicer 

(57) The invention is directed to an inflatable or external casing packer (EOF) for use in cased wellbores. A 
hybrid inflatable paclcing element design in an ECP is presented, having in a single-unit, anchoring and sealing 
sections for application in cased wellbores using a phase change inflation medium such as cement or epoxy or 
the like. 

The inflatable elements comprise a sealing section 40 that uses a noncontinuously reinforced 
elastomeric element 41 with anti-extrusion ribs 41 at its ends. When filled with the inflation medium, a 
frictionai, radial force sealingly engages the elastomeric element with casing wall. An anchoring section 42 is 
also provided that uses a continuously ribbed elastomeric bladder element 52. The steel ribs 62 on the surface 
of the elastomeric element engage in metal-to-metal contact with the casing wall as the inflation medium 
exerts a frictional, radial force. Any trapped wellbore fluid between the sections escapes via the pathway 
between the ribs. A method for use of the hybrid ECP is also disclosed. 
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FIG. 2 



At least one drawing originally filed was informal and the prim reproduced here is taken from a later filed formal copy. 
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This print takes account of replacement documents submitted after the date of filing to enable the application to comply 
with the formal requirements of the Patents Rules 1995 
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(PRIOR ART) 

FIG. 1A 



(PRIOR ART) 

FIG. IB 
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5 METHOD AM) APPARATUS FOR HYBRID ELEMENT 

CASING PACKER FOR CASED-HOLE APPLICATIONS 

PTET.D OP THE INVKNTrQlSf 

The field of ^ inventiQa lebtes geiieia% to an inflatable packer fixr use in 
10 wellborcs, and specifically to an inflatable padcer which has a hybrid elastomeric 
etemeot design providing sealing capability and anchoring support fbr use in cased- 
hole jqjpHcalions. More particolarly. but not by way of Kmitation, Ais invention 
relates to an inflatable packer where the sealiqg element acts indqiendently of the 
anchoring element 

15 

The production ftr oil and gas ixserves has taken the mdnstry to remote sites 
induding inland and offihore locations. In addition, faydrocaiban production in 
remote locations has become the "nomL*' For dcan«»le, production in deviated and 
20 nnilti-lataalwellbores is now very common. As a result, new and unique problems, 
particularly, in the con5)letion phases have arisen. Historically, the cost fw 
developing and m a intaining Iqrdrocaibon production has been very hi^ in remote 

locations. And as production cooiinncs in these remote areas, costs have also escalated 
because of the unique problems encountered in piodudng oil and gas in difScntt-to- 

25 readi locations and/or producing l^drocarimflBoa^numenNis zones. Asaiesult 
production techmcpies in these remote areas require creative solutions to mnqoe 
problems not encountend inconventianal wdlbores. 

As one skilled in the mdustiy may underatand. hydrocarbon production rates 
directty affect die profitaibiliiy of a wdlbore. During the productive life of these 

30 wdls, die well must be maintained so that hydrocarbon production and retrieval is 
perfimned in die niost efBcient manner and at a majdmnm c^wcity. Well (^penttors 
desire maximum recovery fiom productive zones, and in order to maximize produc- 
tion, proper testing, con^letian and oantrol of die wdl is requited. 
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S Ib wellbore construction, four fectois arc a part of every weObore design 

phase: (1) Ac completion mefliod most suitable for a particular well (2) fte fluid fbw 
paA« needed. (3) the completion system chosen to brine the fluids to Ifae wellhead, 
aoid (4) the c(»q>l6tion cost versus the produc&mpotmtiaL The con^letion mefliod 
cjiosea is an inqxntanl glwnnrt. and this invention relates to proper zone isolation and 

10 the most efiective add efficient means to do so. More pailiailariy. it concems zone 
isolation in cased wellbores. As one in the industry might expect today, multi-lateral 
wdlbores require cased wellbores for efficient drainage thiougjh mnltiple zones and/or 
lesecvoirs. In a d<<'*«<w*, many opentioos conventionally perfomied at Ifae sur&ce are 
now pcifbrmed downhole. As a result, cased-hole operations have become a necessity 

IS for many wellbore WHBpl e ti on s. 

Thus, difiereot tools are needed fx each of two methods of coiiQiIetion: (1) 
open^ole conviction and (2) cased or perforated conpletions. In an qpen-hole or a 
barefoot wellbore completion, a relatively large irtanal diameter is encounteBed and 
tiie open-hole sh^ is invariably skewed. The open-hole is irregular (not pcrfecfly 

20 <yliiidiicaO since the hole is drilled in the earthen formation. Therefore, flw artemal 
casing packer became an ideally suited tool to isolate zones dnring production or 
cementmg operations because of its large inflation and sealing capacity. In such 
eompletionmethods, the external casing packer is part of Ihe casing siring and forms a 
seal and an a^onst foe open-hole wall «^en an dastomeric dement in the 

25 inflatable tool is inflated. Tbe andjor in the open-hole is formed when foe packer's 
dastomeric dementis inflated and contours to the shape of the opcn-tol^ preveoting 
axial movement m the wdlbote. The exceptional expansion and sealing c^diilities 
of the flexfole dastomeric dements allow these tools to handle canditions that would 
be imposable for conventional packing tools. When inflated, the packing dement 

30 conforms to virtually aiv irregularity in openrhole con5>leted wellbores. While no 
paddng dement can tolerate an conditions, the inflatable paddng dements have been 

fp^inH tn he very tolerant far open-hole completions. 

On the other in cased-hole wdlbores, a diffaent set of criteria and 
pr<*lems for complctmg and wortowcr of a wellbore are encountered. One recent 
35 jnoblem that has been encountered is to isolate a particular zone foat is located bdow 
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conviction equipmeot already bcated in ^ Such zones are nomudly veiy 

difiScult to isolate since only fimited access or through-pass in existing wellbore 
equipment is available to flie zone bdow. Omventionally, such conq>Ietion 
equipmoit has provided a relatively narrow access to a sect^ ]bsiich 
wellbores tfaa:e is, therefore, a need for zone isolation packers that may be installed 
below any existing equipment It is clear tiiat conventional packer equipment may not 
be used in such wellboies since much of it comprises larger diameter equipment 
Such equipment, therefi)re, cannot pass dvough the restricted available access. 

In addition, conventional flmi-tobing and production iiyection packer tech- 
nologies are also madecpiate in these qiplicatbns since fiiey do not and cannot 
15 provide sufSdent sealing capability in larger diameter casing sizes ^en using an 
inflation inedimn fliat operates under a phase charigc coiiditiQn. Ezanq)les of aphase 
change medium include cement or ^poxy. Phase change of an inflation medium 
occurs after the inflation medium sets. An inflation medium sets when it retains a 
permanent phase. For cxsanple, a phase change occurs ^^len cement or epoxy 
20 hardens. However, subsequent to such hardening* ^<^t her phase change occurs such 
tiiat the cement or epoxy shrinks slightly^ 

In titiese restricted access wdlbores, conventional prodnctioniqectionpadcers 
and thru-tubing technology using phase change inflation media cannot be inflate to 
•xeadi tiie outer diameter (OD) of the cased wellbore (the walQ to efi&ctively seal a 
25 zone fiar reasons that will be discussed heirinajBer. Thus, a new zone isolation tool is 
greatly needed to isolate certain zones in the cased wellbore. 

One concq)t is to use conventional cxtenial casing packer tecbnology, now 
used in larger diameter qpen^hole conq)letions, to anchor and seal (isolate) a particular 
zone, especially since they have a relativdy small '^pass-through" OD and thus are 
30 enable of passing through the restricted access of existing equipment Exanq>les of 
diese conventional packer technology include *Y&odaction itrjection packeats** and 
**lhru-tttbing packers." However, even wifli inproving dastooBier technology, these 
conventional packers have prpveii to be gehtivdy meflfertfv^ appKratj rffpiiring 
inflation in a cased wellbore with a phase change medium. 
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5 In Older to understand why this is SO, it is filst necessary to revi^ 

of these (ioflfltable) packers. Inflatable packers have long utilized a design incorpo- 
rating the use of vaiioiis elastomeric ekmnts in combinat^ 
as inflatable elements. Sudi inflat^le took con^irise an etoslomeiic sleeve element 
moonted in sunounding relationship to a tubular body posrtion. To protect the 

10 dastomericdeeve dement, apluiafityofrcsinent slats or ribs are peripherally bon^ 
to the dastomeric sleeve dement The medial portion of the dastomedc sleeve is 
fbrdicr sinrounded, and may be bonded, by an outer annular dastomoic sleeve 
element or "cover" of substantial thickness. These prior art external casing packers 
thus use a "full cover" design. X^pper and lower assembUes securely and sealingly 

15 couple the ends of the paddng dement sleeves to the central tubular body. A 
pressurized phase djange inflation inedhmi is communicated to the tubular body and 

then ibrou^ radial passages thereon to the interior of the elastomeric sleeve dement 

to inflate the packing dementa, providing a sealing radial engagement with the 

weUbozewalL 

20 A conventional external casing packer (widi or without a phase change 

medium) is ineffective in cased-wdlbore apptications because the coniour of &e 
casing is sufBdently cylindrical, thus preventing a proper andioring relationship 
between the external casing padcer and the casing wall One reason a proper anchor 
does not lesult is because the cocCBdent of fiiction between the dastomeric element 

25 and die stcdcasmg in a wetted media environment is very low. Thus, the differential 
pitssme in the wdlbore between locations above and bdow the padcer forces its 
movemenL 

fa addition, the conventiond extend casing packer is designed to provide 
only anti-extrusion benefits. For exanq»le, the ribs are located only on the secured 
30 ends (securing assembUes) of the dastomeric dement and dms provide only limited 
andmring benefits. As such, die dastomeric element has a tendency to "roll ovcr^ or 

ovcrii? the secured end vibm a sufBdent axial force is sqjplied to the ribs. On die 
odier hand, if a modificatinn is made and the dastomeric dement is folly ribbed, 
anodia disadvantage arises, die latter case, a full length rib dastomeric dement, in 
35 combination wifli die dastomeric dement, is a mndx larger OD padcer. Therefore, a 
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5 new design requires a tfainaer cover to orvacome Ifae Hmited access available ttxrou^ 
existtng downhole equipment 

However^ whea a liripner cover is introduced in the new design, mother mgnic 
icant problem arises y/bm a phase chaoge inflation medinm is used Id iTifi^^tr^ die 
inflatable packer in die cased wellbore. This new problem arises when fhe inflation 

10 medium changes phases (cures and contracts) and tibere is a resulting loss of radial 
force available against the casing wall Itisunderstoodby one skilled in the ait thai a 
leladvely thidcer elastomeric element nomially makes up Uns differeatial in radial 
force. However, when a dtinner element is used, tibc loss in radial Satcc may not be 
CQUQieasated or '^made up.** Thus, fhe amount of conq)cnsation an dastamenc 

IS element can 'Wke-up'^is a Amctionof itsdiicknes& Stated differently, die energy 
storage capacity of the elastomeEic element available £ir sealing engagement is a 
function of its thickness. Thus, as a xelativdy diidcer elastomeiic element is used, a 
relatively larger energy storage potential exists. This larger stored energy potential is 
available to act against die cased-wellbore wall in sealing engagement, cQnq>ensating 

20 for any shrinkage in the inflation medium. In a cased weHbore, therefioie, a relatively 
fhidc elastomedc dement is required to obtain proper sealing cqpabilify. Thus, there 
is a need for a new aone isolation tool that overemnea all of diggg ftmitflfj^^ny. 

Various prior art Gxtcnial casing packer devices ham existed, bi^ 
a solution fi>r isolating a 2»ine bdow existiiy; equipment dut has restxicted access in a 

25 cased wdlboreanriramnent For exan^le^ jlA^, et aL, discloses in U.S. Patent No. 
S,143,1S4 an inflatable paddng element £ir an inflatable packer having a ^>ecific rib 
coupling design to die tubular mandrd. 

Anodier teaching is diat by Mody in U.S. Patent No. 5,101,908 for an inflat- 
able packing device and a method for sealing. The device discloses iQiper and lower 

30 elastomeric dements $unt>unding a nibularxaaridrd. Again, however, this teadung is 
not directed to the pn)blenis encounteancd herein. 

Anodier teadimg is diat of HaOardier in U.S. Patent No. 4,869,325. 
disclosing amedbiod and apparatus fixr setting, unsetdng, and retrieving a packer or a 
bridge plug firom a subtenanean wdl whidi nu^ be passed diougjh a small diameter 



FROM tmi-poTSn DEPT " 



713- 439 -8043 



--1337.12-12 V3!-4B - -9335 P.BTA 



5 tubing. However, again, such a teaching is not directed to the spedfie problems 

encountered herein. 

Iliesefbie. flioe is a need fi)r a method and qq>aiatU6 &r an inflatable to^^ 

provides a sohitiaa for isolating zones dnoug^ restricted access completion equipment 
in a cased weilbores fliat provide bofli a seal and anchoring &alDres. 

10 

STTMMABY INVENTION 

The presait invention is directed to a new and inqnovcd wcQbore packing 
device for use in isolating zones witibin a subterranean wellbore and to meOiods for 
qjplying the paddng device in a cased-hole qjplication. The preseni invention is 

15 directed to a new and improved inflatable or octeinal casing packer (ECP)fiir use in 
cased wellbores. A lQ*rid inflatable padcmg element design in an ECP is presented, 
having in a single-onit, anchozmg and sealing sections fi>r application in cased 
•wdlbores iiqng " ■ ph '^'^ ehmge inflation medhan such as canent or epoxy or the lite. 
The present invention overcomes limitations of existing prior art BCP' s since tfiese 

20 prior art ECP's are not ci^Mblc of providing both sealing and anchoring packing 
elements in a smgle unitized design in size and access restricted wcUborcs. 

The inflatable dements comprise a sealing section that uses a noncontinnously 
leinforcfd flay^'^*"^ element with anti-extrosion ribs at its cads. When filled wifli 
the inflation medium, a fiictional, radial fince seaHngty engages Ac elastomenc 

25 element with casing walL An andwring section is also provided fliat vses a 
continnously ribbed elastomeric bladder dement The sted ribs on the sutfice of flie 
dastomeric dement engage in metd-to^mctd contact widi the casing wall as flie 
inflation medium exerts a fiictional, radial force. Any trapped wellbore fhiid between 
the sections esc^es via the pathway between the rfljs. A meftod for use of the hybrid 

30 ECP is also disdosed. More specifically, a inic&od fi>r use of the hybrid inflatable 
packer in a cased-hole enviranment with ai^base change inflation m.edia is presented. 
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5 RUTRF nRSCRIFnON QP TUB TO^ AWTMP^g 

Figure 1 A is a cross-sccticml and perspective condnsadon view of the prior 
art esctemd casmg packer, diowing a OQnl^ 

Figuze IB is a cross-sectional and perspective coinbinfltioii view of ihe prior 
ait external casing packer, showing a noncontinaotis style inflatable elemenL 
10 Figme 2 is a cross-secdonal view of a hybrid external casing packer of the 

prefened embodiment, showing a sealing inflatable dement section and an anrhf }i \x\fr . 
inflatable element section as it would appear in the nm-in mode of operation. 

Figure 3 is a cross-sectional view of a hybrid external casing packo* of the 
prefmtd embodiment, showing a seating inflatable eleooent section and an smrhnnr^g 
IS mfiatoW#> rfftwifttit Bgrftftfi ftg it iMftiiM appear in fhp inilatimi mode of opfration- 

DFTAn^ED DESCRTPTrnNOF T HE FREFERTim EMBODIMENT 

The present invention is best described and understood with reference to flie 
context in M/bidi it is used and the prior art designs of external casing packets (see 

20 Figures 1A& IB). 

Tfam-tubing woikover and conviction technologies have significant 
advantages^ paiticularfy since diey provide isolation in restricted access zones. 
However, some operating and design fimitations exist in SQcb technologies. For 
exan^le, thra-tubixig tedmologies are sized smaller and dierefbie are limited in laiger 

25 diameter wellbore applications. In cased wMhtmss^ J8tgnlli<*aiit pmcciw^ ^ ffi»!nwiHfti ^ 
exist within the wellbore when flowing weObore fluids arc present awH thus, 
unintended displacement of settable or inflatable tools occurs. Flow in either 
direction usually exists in a wellbore when a producing zone is in hydiaulic 
communication with a consuming zone and sucb inter-zone ''cross-flow^ may exist in 

30 a wellbore^ inespective of wfaetfigr flow m dir^i^ y\T Tl&rf 

Mlatablc wellbore tools are operabk in anmnber of inodes, such as the "tun- 
in** mode of operation, an "expansion or inflatiaa'' mode of operation, and a ""setting^ 
mode of operation. Tlie inflatable tool is maintamcd m a irun-in condition during 
eotcy of flie tool into flie weOboie in a leduccd radial diTwengint^ so tiiat the tool may 

35 pass tiuoDgjh restricted access areas. Once die inflatable tool is passed beyond the 
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5 icstricted access area and placed in a desired area, infktioax pressme is implied to ±e 
tool with an inflation medium so as to urge it into a radially outward direction in an 
inflated condition. Such radial eaqiansion, at least in part, obstructs the flow of 
wcllboie fluid within flie cased wellbore. 

The obstruction created by the inflatable tool fiequqafly creates a pressure 

10 difEoential across the inflatable tool Most commonly, fhis occurs when die inflatable 
tool is set above a producing zone. Wellbore fluids, such as oil, gas and wat<^, will 
condxme flowing in the wellboie due to a pressure differential between the fomiation 
and the wellboie, as weU as pressure differential between zones. Thus, wellbore fluid 
flow may xagc fhe inflatable tool to move, rotate, twist and/or slide, especially in a 

15 wetted environment of a cased weDbore. Hie immtended, and often harmful, 
displacement of the inflatable tool ofien occurs because cuzrendy available prior art 
thru-tubing technologies do not provide adequate anchoring means. Such anchoring 
itiftflT^^ are traditionally found in tools having "^gripping teedi," as those found in the 
more conventional metal-tCHtnetal packer devices. Thus, for exan^le, coiled tubing- 

20 suq>ended inflatable tools do not provide sufEcient anchoring means to prevent 
displacement and are not often used in such applications. Obviously, the mechanical 
packers are stn^y not apprqniate fin: restricted access applications. 

Additionally, if a pressure dificrenlial is developed across the inflatable tool, 
die pressure differential may act to disconnect die inflatable tool fiam die suspension 

25 tool or means. Thus, for example^ in a wireline-suspended tool, a large pressure 
dififemitial could ^nap fhe wdlboretoolloosefiQm^^ Altematrvely, 
a bij^'pressiffe-sensitive or tension-sensitive disconnect device used in connection 
with coiled tubing or production string operations may easily actuate and discormect 
the packer device from the coil tubing or production string. 

30 With reqpect to prior art designs, such as open-hole inflatable packordcv^ 

continuous ribbed stykemnal casing padn(E^ l Aanda 

iioiicoritinuous ribbed s^edECP is shown in Figure IB. The contmuous ribbed style 
ECP 20 provides a long ^namic hydromedianical seal using an elastomcnic element 
14 combined widi contmuous stainless sted ribs 16 to protect fhe inflatable elements 

35 12,14 fiom fhe tremendous Tnnlti'^^*"**"*"'^^^ strains esdsttng in nommiform 
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5 wellbor«.Tl«stedril»16«eutai2edtoim,vide^^ 

against tear of tte inner ete^ Tlwse inflatable dements 

12,14 are mounted on the mandnd or inflatable tool 10 by securing assemblies 18 on 
each end. "nris ECP 20 is particulariy mcfol short- or loogJ^ 
appKcations reqxaiing positive seals in high diffcnatial, inegular. or elliptical open. 
10 tol^weUbores. neconliniM^ns ribbed ECT uses v^Hism^ 
water, drilling fluids and/or cement 

The noacontinBous ribbed ECP 30. on the other hand, is used as a supple- 
mental padcer to the continuous ribbed ECP 20 during 
loiter sealing elements and utilizing cement, an«i. M 
15 n>«dhnn. It may inchide a valve coUar 38 that feabn^ 

capacity and a flow contn,! that decreases Ae emsion of the valve «^ 

shown) and the mflation passageway 39. Tie ribs 31 are located only on the seemed 

ends 36 of flie elastomeric element and thus provide only limited anchorii« bemjfits. 

The nT>s 31, as previously stated, provide straigth at the end sleeve area 36 an^ 
20 &enT,s engage 33 the wellboie wan 11. Ihenomeinfo^ 

portion 32 creates a flexible expansion area wfaidi readily coniimns to open-hole 
irregularities 12, providing an adequate seal 

In an open-hole wellbore completion as shorn in Figure 1 , a ndatively huge 
diameter is encountered in the wdlboie, and the open-hole wafl 11 is invariably 
25 dcewed or irii^ 12 (Bot perifecfly cylindrical) ^ 

earfliea finmation 13. Thercfim:, the conventional ECP 20.30. as described above, 
became an ideally smted wdlbore tool to isokte zones in sudi enviio«a«^ 
moduction or woria>ver operations because of the large inflatimi capacity of its 
inflatable elastomeric element Jn sudi open-hole opaaiions. Ae ECP is part of the 
30 «^«rtrii«andformsa"sealing''««hari«^ 

Tlie "sealing" aad«r m fluj qpen^hok wdlbore is feimed ^ 
ehutoneric demort 14 is inflated ««I contours to the 

prcventingaxialmovemeutinthewdlbore. A»d movement is prevented because of 
muWdimensionalW acting radially against the wem^ addition. 
35 «^I»i««ECP's use. •^cover-d.^.ri, dement des^^ 
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5 design wraps the fiill lengdi of the inner ebstcmietic dement 12, 29 with an outer 
clastpmeric clemeot 14»32. In tiie alternative, the noncontunxoiis metal ribs 31 (Figuxe 
IB) are fibzicated mside fte elastomeric cover 32 and are coqiled to ttie end sleeves 
36 so as to provide rem&rcement against extrusion when the element 32 is iojQated 
Hois, the exceptional expansion capabifity of the flexible elastomeric element aUows 

10 for use of these ECP tools in conditions tbat would be otherwise ixq)0S5ible for 
conventional (mechanical) paddng tools. 

However, as previously mentioned, these prior art ECP's 20^0 arc limited in 
s^Hcntion to open-hole operations. In cased-wellbozie ^pfications, fiiese prior art 
ECP's 2030 are inadequate because ^ contour 55 of the casing 54 is sufficiently 

15 cylindricaL The unifozm cylindrical sfa^eofdie casing wall 54 prevents a proper or 
adequate anchoring relationship between a conventional ECP 20^0 and the casing 
wall54. 

One reason a proper anchoring relationslnp, m the conventional ECP's20, 30, 
does not result is because the coefficient of faction between ^ elastomeric element 

20 14,32 and the steel casing 54 in a wetted media is very low. Thus, &e dififerential 
pressure in Hbc wellboxt between locations above and below fht packer results in 
movement or displacement of the packer and which nonnally results in great damage 
to the well, particulady in loss of production and the resulting economic damages. 

.. In addition, the conventional, noncontinuous ribbed st^e ECP 30 is designed 

25 such that the ribs 31 arc only located on the secuied ends 36 of flie elastomeric 
etement 32 and flms provide <mly limited andioring and/or^ As 
such, die elastomeric element 32 has a tendency to "roll ovcr^ or overl^> over flie 
secured end 36 near the end sleeves 33 when a sufficient axial force is applied to the 
ribs 30. On the other hand, if a modificadon is made so that die elastomeric element 

30 32 is fiilly ribbed, another problem arises. A fidl length ribbed dastomeiic element 
14, as shown in Figure lA,beconies a inuch larger diameter inflatab^ 14and 
dierefore requires a thinner dastomeric cover 14 so that die ECP 20 may pass throu^ 
existing equipment (not shown), having only linaited or restricted access to the zone 
beyond. 
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5 However, whm a tfamner dastDmeric cover 14 is used, a ogmficant dis- 

advantage tesirtts in piovidiitg ade<piate seaKng R should be understood 

that the inflatable tool is being applied to cased wellbores, using a phase change 
medinm to inflate the dement Thus, when the phase change inflation medium cures, 
there is a loss of radial fon«; available against the casing wan as the inflation n«^ 
10 changes its phase, ie., the inflation medium oontraets or shzinks as it hardens. 

resulting in loss of availAle radial force or eneigy against the wefflw^ Kis 
clear to one sidlkd in the art that Ihc dastomeric danait nomaUy mate 
diffaraice in radial fince loss through the resiUeocy of a idatrvdy Hudcer dastomeric 

cover, ie., idalivdy thidc dastonuttic cover stores a certain amoum of 
15 Magywptm the cjqjansiQnofthe inflation medium and rdeases this sto 

compensate fbr any phase dianges in tbs inflation medium, sudi as shrinkage or 
contraction. 11» amount of energy storage avaihd>Ic to compensate for shrink 
force loss is deariy a function of the elastomer thidmess. fii a cased wdlbore, 
thcrrforc, a relaiively fliidc dastomeric cover is necessary to obtain proper seding 
20 cjqwbility. This thidcer cover design requirement, however, conflicts with having 
only limited access flm>u^ the downhdeequipmort incase Thna,lhere 
ia a need for a new zone isolation inflatable tool that overcomes dl of these 
limitations. 

Referring now to Figures 2 and 3, a new inflatable tool design is disclosed 
25 'Aieh overcomes maiv of fte limitations discussed above, 

aient. the na«r inflatAte tool design uses a sectioned dancnt design to provide two of 
the most important requirements in cased-wdlbore appKcations when usmg phase 
djange inflation media: (1) seding driKty, and (2) andmringcapdality. 

In the prefiaied embodiment, the seding feadire 40 is pxovided wifli a M 

30 coverehu*«neticdesign45havingardativdylargethic^ 
feature 42 is provided with an ejqwsed fim IcngA or contn^ 
providing metd-lD^netal contact 63 with the easing wdl 54. Hie foD cover 
dastomeric design 45 of the seding dement section 40 pio^ 
dastom«ic Ihidmess 41 to compensate for phase dumge losses in radid seding 

35 fcicc. On tte other haml.tt« fen length e,qH)sed rib dement section 42 provides a 

11 
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! 

S metal-fD-metal engagemeot 63 between the aochoiiiig dement 62 and llie casrng wall 
54 so as to create sufficient anchoring &rce in the cased wellboic 

The two sections 40,42 are sqparated by end sleeves 44 which couple each 
respective dement 40,42 to the tubular body 58 of the inflatable tool The method for 
coiq)liag each respective elraient 40,42 is well-lmown in &e ait and is disdosed in 

10 U.S. Patent No. 5,143,154 and die spedficdHon of said patent is hcrdby incorporated 
by reference, in addition, the features of the valve sppmhis (not shown) for proper 
inflation of the elastomcric elements is weD^known in tfie art See. fin: example^ UJS. 
Patent No. 4,708;208; US. Patent No. 4,805,699; and U.S. Patent Application Soial 
No. 138,197, filed on December 28, 1987. All sudi disclosures are incorporated by 

15 r e fer ence. The end sleeves 44 are medianically coiq)led to the tubular body 58 by 
conventional techniques such as threaded sleeves (not shown). 

Refcning now to Figure 2, one embodiment of tfie invention, a hybrid 
inflatable tool, is shown in the run-in condition. The sealing section 40 corsprises 
elastomcric element 48 sqyported by noncondnuous anti-e)ctnision ribs 46. Ibe 

20 sealing section 40 is preferably placed in die dirccdon away fiom the conveyance 
device (not shown), wlifle the anchoring section 42 is placed near ttic conveyance 
device. However, ttus by no incans is a tiantation to the present invention. 

Opposite ends 45 of die sealing dement 48 are coiqiled 47 to the tubular 
member 58 with end sleeves 44. Tbe anti-extrusion ribs 46 are mechanically coupled 

25 to ttie end sleeve 44 in accordance widi conventional methods that are weO-known in 
die art and incoxporated by reference herein. The noncontimious, nomeinforced rib 
design, of the sealing element 40 provides the necessary thickness 41 to compensate 
£6r radial force loss fitxmiAflsediange in flieh^^ Yet, the thickness 

41 of the sealing dement 48 provided overcomes any access and size restrictions of 

30 existing equipment already located ckwnhole as will become more appar en t 
hereinafter. 

The inflatable tool dement 48 in the sealing section 40 is not reinfinced m the 
medial portion 49 of the elastomeric element 48 and as such does not have ribs 46 
extending end to end. Such a design clearly compensates for having a relatively large 
35 thidoiess 41 dastomeric dement 48 because the ribs 46 are eliminated in the medial 
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5 portion 49. The ribs 46 arc only provided at the ends 45 ivhercfliese^ 

is comf^ed to <he tubular mandrel S8 to siqspoit the end load. The medial portion 
49 is siisply made of elastomer, and thus, a ftidcer 41 elastomer may be provided. 
H^>tvfvgr^ anrlifiri Ti g is nfit possihift m cased wcMhores mder sucfa drcnmstances. In 
open4iole» th g ffpchoring results from the rough noncontinaous sui£icc of fhe wellbore 

10 vdnte fhe casing has a smooth sux&ce 55 and the resuk is ttiatg^^ 
Andioring is^ however, provided by a s^arate but related section 42. 

In the prefentd embodiment, the anchoring element section 42 comprises an 
x rmpT tube or bladder 52 thai is inflated, the anchor ribs 62 and an elastomeric stiffener 
band 60 to uniformly space the ribs 46 along the pertphety of fhe inner tube 52 may 

IS beadded. The ribs 62 are tnadeofstcd and arc cscposed so as to engage in a metal-to- 
metal lelationship 63 vrith die wellbore caang 55. The ribs 62 ace mechamcally 
coi^led to a ring (not shown) arid fitted inside die end sle^ Tbe closed sted 
libs 62 may be run in a big^-pressure dififerential enviipnmeot and yet still maintain 
mctal-to-metal fiiction 63 for a strong anchoring relationship. In certain qisplications, 

20 such as short-length packers,^ bands 60 are not needed 

Tfau$» the hybrid design of &e present invention presented herein discloses an 
inflatable tool overcoming traditional cased-wellbore liTnitations and restrictions and 
yet having an inflatable unitary dement design providing sealing and anchoring 
proTOioro and whirh nrf in prrsfHT*^ rwyrfpnnnirjififtti rftiativft tn egrfi ttfker. Thusdie 

25 combiised design has two elements 40,42 providing lodepeDdeDl fimctions vftalB 
inflating relative to each odier. The arichcring element 42 ootyfbncdons as an aiiclior 
while the sealing etemcnt 40 only functions as a seal 

In the preferred embodiment; the dastomer compounds 48,52 included in the 
design for the cover includes materials that have good memory for retunimg to the 

30 original size and developed for use in sub-zero sur£u:e conditions U) avoid intact 
damage to die dement surface during on-site handling. Hie temperature range finr die 
elastomeric dements range from ambient to more dian 500^ dq>mding on die type 
of dastomer used It diouM be iK>ted diat die current invention does xiot, however, 
depend on the type of dastomer used New elastom e r technology with large 
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5 temperature tolerances inay just as easUy be in^^ The t«mpe«toie 

i^gesdisclosedlicrcmonlyieFeseiitciincnll 

Each of the sealing md andiMing clenients 40. 42 
duuigeinflaticmmedimnS6 8udiasccmait.epQ^ Thus, with 

today's ocpandiiig cemait technology, a certam 
10 occnirs in the inflation me<to 56 during the aning or ^ "H"* 
pn^ invention ovacomcs this Kmitatto^ 

medimn 56 sus«ptible to radial fircc losses such as cenwnt which «^ 
at cared Stage* 

Rcfiaring now to Figure 3. one of the embodiments, the presets 
15 diownasanexpansionoriniUtfionnuJdcofoperationandasetmodeofoperatia^ 
fte sealing element section 40. the hiflalabfc elastomeric element is in full «q,ansion. 
exerting a radial fonx against the casmg waU 55- The radial fim^ 
inflation medium 56 creates a sealing engagement 64between1^ 
48 and casing wan 55. As a result, wdlbore fhiids are inevenled fiKm having cros^ 
20 flow, and the area above and below the inflatable tool are isohttBd to eadi^^^ 
Ite 'conq«essive force or ftictional engagement 64 between the elastomeiic dement 
48 and the casing wall 55 assures a fluid-tight seaL 

The anti-alrusion ribs 45 in the sealing element section 40 provide protection 
against the dastomeric dement 48 fium rolling over as t^ 
25 under a relativdy large pressure fcrce. hi addition, die ribs 45^ 
against ttie elastomeric element 48 tearing and Mmg. 
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5 The anchoring ckiMiit scctioa42 of the preferred embodiment is also shown 

in an inflated position in Figure 3. The steel or other suilable metal ribs 62 provide a 
stiong anchor against rotation, axial movement, twisting 
rtiqriarr^^t. Such movement is prcvcntcd because a large radial force acting on the 
tibs 62 fiomtiie inflation medium 56 pushes it into fiictional engagement 63 wifli the 

10 casingwall55. The exposed ribbed anchoring section 42 coniprises a 

element 62, Stated difFercotly, the libs nm across flie whole length of the elastomeric 
clement and are coupled at flie cods 47 to the end sleeves 44. The end sleeves 44 arc, 
in turn, mechanically coi^led to the tubular mandrel 58 by conventional means well- 
known in the art such as 4rcadcd sleeves (not ^wn heiem). The inner tube or 

15 bladder 52 is fabricated under the ribs 62 which aie smiilarly coupled to «ie end 
sleeves 44. Tlie inner tube 52 acts as a contamment member for the inflation medium 
56. The end sleeve 44 not coupled to flie sealing section operates in a sliding 
relationship relative to the tubular mandrel 58. ft should be understood that flie 
elastomeric band 60, in the anchoring clement section 42, is provided so that fte ribs 

20 62 are evenly spaced-^wt, and it is not intended to provide seato Infect, 
the band 60, even though engaged with tte casing wall 54. need not provide a 
pxessnie seal since its main fimction is to create a pathway (between the libs 62) for 
fte escaping fluids in this ammlus 65 between the inflatable tool and tihc casing wall 
54. The <?ti fP»*«^ rings 60 typically range in number from zero to ten, d^ending on 

25 thesizeoffhepadoi. 

It should be understood fliat flie prefiaoted embodiment of hybrid inflatable tool 
progressively inflates, first inflating the sealing section 40 and then fce anchoring 
section 42. due to the differences in the stif&iess between the demente 
This provides an in^oitant advantage in that fluid wiU not be tnqpped between the 

30 two sections in the ammlus 65 near tfie mechanical link 44 during the inflation 
operation. Fluid trapping is further jnevented because tfie anc^i^ 
its exposed ribs 62, creates a pafliway ftr any trqiped fluid to escape throu^ 
passageways between the ribs 62. 

The elements 40,42 may be inflated in a conventional manner. The inflating 
35 medium 56 is injected flffou^ a receiving port 50 which communicates wifli tiie 
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40.42. Ih. bfl-km medta" 5« *™» ^ 
.«0i^d.«rt4<8-.dte»tetafl-i»gmrfiumS61.„«»«<b.=>.4de«^ 

totool to to I«fcmd «»botenl. to« « nmll^ P"* « 
™ovid=dtotafUti»gtoel-«»«dcda««4<^4l tbe fl»i<l 56 

4^ 50 and »»*»eo»* to d»DOl. 40^ 
Ho«.«r to irfWle «cdo»s 40.42 «» to<*» todep-"!"*' «f oto 

ft^ of to pn-tf i=«»S<» -"^ 

of to toU to «1« bJ1» » Pl«d ""^ «"» *« *~ " 

floatoga.4»l«>rtoco^«»«or«««,-««d. Ilu,.. iHtato. «ffl ««» 
0 ftomto«l«c.Il«sid.. H.w«=, ft -»old be ..-ri to. 
4«p of •^,dvc wte d<w«" 
conditiaii aodnqilinniaiB. 

Tie pU»»t of »d« »* -ling 42, 40 ieUti« to to 

.o„^d«dcc«.^t»»-.i.--d»«ge-«y. ^ 

B ^„.w^lh«to«».,-«4«i-B-*=i«^"»»^'*''^'^ 
oc.. Ok co™y»«» dwic. (» top) i. dcforfo* - to<» «^ 
,..p,icm»,.includiBgtoewwW.toi«toio.iW.«^^ Bi.prti»He.oii«. 
te.,»to.«ctio.42,»arto"floa.i»r«»l. S. to p*wd -bo^ito* «» 

30 .Bi.»o.to«*»de«tolto)»«««toflMtiBsB.d-*«™"w»to««^ 

oU»a* U ifl--. n«* « -""^ '"^ 

dona* 42 <^ -"^^ 

to «hop.« -1 to «i »^ 

35 rdation^ 63. 
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5 In Hie case where ihe sealing section 40 is on fhe bottom, ifae anchoring section 

42 draws "down" and engages 63 as it inflates piovidtog oonycnsation provisions are 
made so that the anchoring section may slide axially . La Has case, the sealing element 
40 inflates relatively ahead of the anchor dement 42 and flie draw down occurs during 
tins period due to the stiflBsr anchoring clement 42 (witti tfie zibs 62 ) and thus 

10 inflating sbwer than fte sealing element 40. 

A number of inflatable tools in series may just as eaaly be inflat ed For 
example, a Selective Inflation Packer System SCIPS6 (not shown) discloses comple- 
mentary tools which cooperate with the present invention to nm-in, activate or inflate 
and set the hybrid inflatable tool disclosed hereiiL The SOPSO tool is designed for 

15 horizontal or vertical wellbore applications lequiring selective cement or epoxy 
inflation of inflatable tools. Noncontaminated cemcat is spotted for inflation purposes 
into the inflatable tool The SCIPSO tool altows selective inflation of and movement 
between staggered inflatable tools located in skttcd liners, prchdrilled liners or screens 
without the loss of &e inflatim medium doring repositioning. The SC3PS6 tool may 

20 be run-in togdher wifli the inflatable tool's or by itsdf on a second run after the 
casing or liner string has been run-ixL la addition, aU xemaining unused cement may 
be trverse circulated. As dements are inflated, both the sealing and anchoring 
element sections expand to the casing wall irogrcasivdy as a volume change of the 
cement occurs. 

25 By using a secdoned element design of the preferred embodiment, ie., fl»e 

sealing and anchoring demeot sections, which are m ec h an ic ally linked and m 
constant pressure communication, the present invcntioQ can achieve the ben^ts of 
both scaling and anchoring in a. singlc-unit inflatable tool when used in a cased 
wellboie and a phase diange inflation medium is used, and tfans creating substantial 

30 savings for the operator. 

The method by which flie present imeoSion, is used in ttie cased weUbcre does 
not depart substantiaUyfinmiexistiiig arid current indbods. The inflatable tool of the 
present inveotion may be lowered into flie cased wdlbore using any number of 
conventional mediods sock as wireline, coiled tubing, production tobing, and flie like. 

35 The 011^ limitation is diat die haflatdife tool be capable of aooes^ 
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5 existing downhole equipment Such a limitaiion is overcome by Ac presort invention 
and is directed at overcomiiig fliis limitaiioiL The present invention anticq)ates a 
relalively small OD operation and therefore is capable of being lowered mider such 
conditifloa to tiieappioi«jatB location in Ihe cased Once conecdy located, 

the inflatable tool may be inflated into a sealing and anchoring eng^^ 

10 casingiraD. Such inflation is accomplished as previously discossed herein. Inflation 
media may vary, depending on die anticipated use, but it is conteinphtfed under the 
present invention to be a phase changing fluid whiA is scttable ami inay incur 

dirinkage. 

The foregoing disclosure and description of the invention are iUustiative and 
15 «Kplanatorythc»oi^andvarioiisdumgesmdiesize,shapeandmateria^ 

die details of flie ilhistiated construction, may be made without departing ftom the 
spirit of the invention, from the spirit of die invention. 
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5 aAIMS 

1. A downhole ixsflatable packer for sealing against a cased or uncased 
wcUbore wall, cQxaprising: 
abody; 

a movable sealing fiection» inflatably qnable between a run-in 
10 podtion and a set position where it sealinglycQiitacts Ac wall; 

at least one movable anchor section inflatably q)erablc between a nm- 
in and a set position where it contacts the wall to support said body; and 

said sealing section is spaced apart fiom said andiar section. 

15 2. Thepackerofclaiml, wherein: 

said sealing section conqmses a fiistresiheDt dement; 

said anchor section comprises a second resiHeiit demen^ and 

said first resilient dement bdng Ifaidcer dian said second resilient 



20 



demcnL 

3. Tlie packer of claim 2, whoein: 

said first resilient dement conqirises ribs whidi are located adjacent to 
at least one of qsposed ends and do not exteid contimiGUsty 



25 4. ThepadQBrofclaim3,^)rfieidn: 

said second resilient dement compiises ccmtinuoos ribs extmding over 
a nuyority of the distance finm end to end. 

5. The padKrofclaim4. wherein: 

30 said second restlient element finther comprises at least one band 

mounted over said ribs. 

6. Ihepadcerofclaim5,^iAieiein: 

said resilient dements ^ndicn inflated define a cavity between said body 
35 and flic widlywiftsdd ribs aOowii^fhtid in said cavity^ 
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7. Thepadoer of claim 6. wherein: 

said first rcsilieot dement inflates bcfi»re said second resilient element 

8. iiiepadcetofclaim2,^toeiD: 
jgijlfijgtiesilialdemeirt is of sofBdentthiclaiess to retain sealing 

contact with the wan if an iaflation medium experiences shnokage as it sets. 

9. The packer of claim 3, whoein: 

said fiist resilient dement conqmscs an outer surfece which contacts 
15 the wall and said ribs are disposed beneath said outer smftce so that they do not 
contact the wall in said set porition. 

10. Thepadccrofclaim4;^>i4iBRin: 

said ribs in said second resilient dement extend ftom end to end 
20 thereofandareexposcdforcontactwithfhewallmsaidsetposition. 

11. The pa^er of daim 4, fortfaer ct m i ii i i w ng: 

a deeve on said body between said first and second resilieot dements; 

and 

25 said ribs on said first and second resihent dements connected a^acent 

opposite ends of said sleeve. 

12. ThepadcerofclaimUf^Aerein: 

said deeve is movable with a req)ect to said bo^. 

30 

13. The padcer of claim 12, wherein: 

said body conqaises at least one port to ficiKtate inflation of said 

resilient demeots. 
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5 14. ThepadKrofclaiml3,wbHdn: 

sMd body has m iiH»er and lower end. with said iipiw 

aconnectiotttoacoBveyiiig device to lunsaidbody into 

said first lesffienl denicrt is located closert to said n^ 

j0 15. A method of sealing a cased borehole, comprising: 

providing on a body an isilaiablc packer 'willi a discrete inflatable 
element fiff sealing and a 8q>arste inflatable demoit fin andior^ 
naming in said body into positioii; and 
inflating bodi dements. 

15 

16. Themd]iodofciaiml5,fin:fliGrcoa9cimig: 
osing an inflating matcnal that sbtinks ^4ieD it sets. 

17. The medwdofdaim 16, further coaqKismg: 

20 providing a gteatixtbidmess on said inflatabk element for 

cnfnpared to said element for anchoring; and 

Tising said greater thickness for co m pe nfi atinn fa said Khrinlca ge. 

Ig. The method of claim 17,ihrfl>erco inpriMTig: 
25 idnfimang said deniem fa anchoring wifli ribs extending at least over 

a majority of its length; and 

exposmg said ribs on said demeot fa aiKhoring so they contact die 

cased borehole. 

30 19. The mediodofelaim 18, fattier con^rising: 

pnmding ribs on said element fa sealing whidi qdeod fiom at least 

one end and shmt of the nddpdnt of said element fa sealiog. 
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5 

20. ThR method of daiiA 19, fatGm conqsisiiig: 

endMddmg said ribs on said dement for scalmg wbile exteading Hbm. 
fiom ea(i end to leave a large eeoiial section theteofwahcnit libs. 



10 



22 




QflSce 

Application No: GB 9726421.2 Examiner: RL Williams 

Claims searched: 1-20 Date of search: 23 April 1998 



Patents Act 1977 

Search Report under Section 17 

Databases searched: 



UK Patent Office collections, including GB, EP, WO & US patoit specifications, in: 

UK a (Ed.P): EIF (FKA)(FKF) 

Int CI (Ed.6): E21B 33/127 
Othen WPI 



Documents conddered to be rekrant: 



Category 


Identity of documoit and idevant passage 


Relevant 




to claiins 


A 


US 5,101,908 RKMody 


1 and 15 


A 


US f, 143, 154 R K Mody et al 


land 15 



X Document indicating lack of novelty or inventive step A Document in^j^i*^ technological bacl^grouiid and/or itate of the act. 

Y Document indicatiqg lack of invemive step if combined P Document published on or after the decUfed priority date but before 

with one or moieolber documents of aame cata^ofy. the filing date of thiainveotxm. 

E Meot document published on or aAer» but with priority date eariier 

A Member of the same patent family than, die fifiqg d^ of Ihia applieatioa. 



An Executive Agency of the Department of Trade and Industry 



